Abstract -Cround-dwelling frogs, reptiles and small mammals were sampled at 252 quad rats chosen to represent the geographical extent and diversity of uncleared terrestrial environments across the WestE'rn Australian wheatbelt. These sitE's were not overtlv affected by secondarv salinisation, but did include sites that were 'natu~ally' saline. We recorde~i a total of 144 species from 74 genera and 15 families. There was an average of 10.4 species per quadrat with a range from one to 19. Vertebrate species richness was highest on dissection valley floors and sandy depositional surfaces of the 'old plateau' but lowest on saltflats. Total species richness was positively correlated with high levels of sand, with low levels of soil nutrients and with good soil drainage. When frogs, reptiles and mammals were considered separately, temperature and rainfall attributes were also shown to exhibit correlations with species richness. Patterns in species composition could be explained in terms of climatic and substrate variables, including salinity. Two distinct faunas were identified -one concentrated in the semi-arid northern and inland parts of the study area, and one concentrated in the more mesic south and south-east. Further patterning could be discerned within this dichotomy, including the existence of a small group of species that arc associated with saline areas. Correlations between climatic and substrate variables could be discerned even at very low levels in the classification analysis, suggesting strong deterministic patterns in vertebrate species composition across the study area. Integrated management programs over entire catchments will be necessary in order to maintain conservation values, but there is doubt that the impacts~)f salinisation and fragmentation can be mitigated quickly enough to allow the small, ground-dwelling vertebrate fauna to withstand the effects of these processes in the Western Australian wheatbelt.
INTRODUCTION
Much of the native vegetation in south-western Australia has been removed in the pursuit of agricultural enterprises, just as in many other parts of temperate Australia. In parts of the Western Australian wheatbelt more than 95% of native vegetation has been replaced by annual cereals or herbaceous pasture plants. Removal of native vegeta tion in this area began before 1900 (Sau nders 1'/ 17/., 191'\5) and has contimlL'd to the present time. Unfortunately, this has occurred in an area that is susceptible to salinisation. Not surprisingly, there has also been preferential clearing of the soils more suited for agriculture, which are primarilv on the vallev floors and lower Such areas arc less well repn'sl'nted in the reserve system than, for example, areas around rock outcrops or breakawavs.
In south-wesll'rn Australia the regolith, because of its antiquity, contains a store of sdlt derived trum rainfall and dry fallout, and consisting mainly of sodium chloride (Hingston and Gailitis, 1976) . As a result of this, together with the subdued topography and hot climate, there are parts of the landscape that are 'naturally' saline (Salama, 1994) . In a terrestrial context, salinisation is a pedogenic process that concentrates salts at or near the soil surface when evapo-transpiration greatly exceeds water inputs from precipitation. This can occur as a result of natural physical or chemical processes or as a result of human activities, such as clearance of native vegetation, in whid1 case it is termed salinisation (Chasserni cl 17/., 1995) . In sou th western Australia, as in some other agricultural areas in Australia and elsewhere in the world, replacement of native woody perennial plants with short lived herbaceous plants has n'sulled in major alterations to the hydrological cvcle, with rising water tables bringing d significant salt load near the land surface. This secondarv salinisation has obvious deleterious consequences, not only for agricultural production, water quality and infrastructure maintenance, but also for conservation of native plant and animal communities in the remaining remnants of the original vegetation (George et al., 1995; ANZECC, 2001; Cramer and Hobbs, 2002) .
The link between removal of woody plants and increasing salinity levels in groundwater has been recognised in south-western Australia since the early 1900s (Mann, 1907; Wood, 1924) and is now relatively well understood (e.g. Clarke et al., 2002) . Clearing of native vegetation has continued, however, and nearly two million hectares (about 10% of the wheatbelt) are now affected by salinisation, with a high likelihood that the extent could double within the next 20 years (Ferdowsian et al., 1996) . The process of secondary salinisation is likely to pose a significant threat to many native plants and animals, through its impact on habitat A. H. Burbidge,] . K. Rolfe, N. L. McKenzie,] . D. Roberts structure and quality. However, even though awareness of the 'salinity crisis' is now widespread (Beresford et al., 2001; Sexton, 2003) little is known about the effects of salinisation on the native terrestrial biota, particularly on native animals (Cramer and Hobbs, 2002; Briggs and Taws, 2003) .
In such an environment, an important first step in conservation management is to document the geographic distribution of plants and animals in the region and elucidate diversity patterns (e.g. Cody, 1986 ). The present study was commenced as part of a broader study to identify biogeographic patterns amongst a range of plant and animal groups in the south-western Australian wheatbelt, and to identify regions of high conservation value. Elsewhere (McKenzie et al., 2003) we investigated the effects of salinisation on small ground-dwelling animals in the Western Australian wheatbelt. In the present paper, we explore geographic patterns in the communities of small ground-dwelling vertebrates ( f r o g s ,r e p t i l e sa n dsm a l lm a r n r n , l l s ) a
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The analytical approach taken was an exploratory design based on the assumption that spatial distribution reflects an underlying correlation with environmental factors (Austin, 1991) . A range of climatic, geomorphic, soil and vegetation attributes was derived for each quadrat (Table 1 , Appendix 1). Eighteen climatic attributes were derived for each quadrat using ANUCLIM (McMahon et aI., 1995) . These comprised annual and seasonal average and range values for temperature and precipitation. There are varying degrees of correlation between these attributes, and these are reported in Appendix McKenzie et al., 2000b) . Correlations between attributes are shown in Appendix 2. Four landform and several vegetation attributes were also generated, including elevation, soil drainage category, slope, salinity risk, tree canopy, shrub cover, herb cover, litter/log cover and habitat complexity (modified from Newsome and Catling, 1979) . Latitude and longitude were also obtained for each quadrat using a GPS unit, and included as physical variables in analysis procedures. Because landform had already been used to position the quadrats in each survey area, it was not used as an attribute in the compositional analyses. Figure 2 Wheatbelt landforms, modified from Mulcahy and Hingston (1961) . The landscape's plateau profile comprises the duricrusted Tertiary laterite plateau and its derived spillway sands, while the dissection profile comprises finer textured soils derived from bedrock and pallid-zone clays beneath the duricrust. The numbers against each landfonn are used in the text and elsewhere as labels for the land forms. Newsome and Catling, 1979) Ground herbs (0-3) Shrub cover (0-3) Tree canopy (0-3) Llabitat complexity score, 1-10 (modified from Newsome and 1979) Quadrats were assigned among four classes of salinity risk (SAL -modified from van Cool and Moore 1999; see Appendix 1. Classes 1 and 2 do not show any overt salinity; in classes 3 and 4 salinity is overt and variably widespread on quadrats. Class 4 includes 'natural' saltflats. McKenzie ct al. (2003) showed that there is a negative relationship between the species richness and diversity of small ground-dwelling animals and increasing salinity in the Western Australian wheatbelt. In the present study, we investigated the relationship between vertebrate species richness and other physical attributes. In order to remove the known salinity effects, we confined our analyses to the 252 quadrats that had a low salinity risk score (I or 2) or were naturally saline saltflats. The intention was to explore biogeographic patterns that may have existed in the study area before the advent of widespread salinisation that occurred over the last century. We used Kendall's Tau to determine the significance of the level of correlation between species richness and the values of each physical attribute.
Cluster analysis (from PATN; Belbin 1 was used to expose patterns of quadrat similarity and species composition in the data matrix. Briefly, the Czekanowski association measure (Czekanowski, 1932) was used to compare the quadrats according to similarities in their species composition, and the association measure Twostep (Bel bin, 1980) was used to determine the quantitative relationship between each pair of species as a basis for clustering species that normally co-occurred at the same quadrats. For both measures of association, a modified version of unweighted pair group arithmetic averaging hierarchical clustering strategy was used (UPCMA Sneath and Sokal, 1973; Belbin, 1995) , with the clustering parameter (Beta) set to -0.1. This procedure is appropriate for ecological presence-absence data and is robust to variations in species abundance patterns and hence sampling efficiencies (Faith ct aI., 1987; Belbin, 1991) . The parti tion structu re of the resu Iting quadrat-dendrogram was used as a summary of compositional patterns across the study area. Quadrat physical attributes that most closely conformed to the overall partition structure were assessed for statistical significance using KruskalWallis one-way analysis of variance by ranks (the GSTA module in PATN Belbin, 1995) .
However, while this approach is useful for examining the overall structure of the dendrogram, it obscures the relationships exhibited by most of the groups at the point where a group separated from the remainder of the dataset. We therefore used the simple stepwise approach of examining each fusion event separately. This provides a more detailed, and more realistic, interpretation of the relationships exhibited by the different components of the fauna. The level of significance between pairs of groups for individual physical attributes was Table 2 Vertebrate species recorded from the survey area in the Western Australian agricultural zone (from McKenzie et aI., 2002; Storr et aI., 1983 Storr et aI., , 1990 Storr et aI., , 1999 Storr et aI., ,2002 Tyler et aI., 2000 and our field sampling program). Nomenclature is based on Aplin and Smith (2001) and How et al. (2001) . For undescribed species a Western Australian Museum collection number is quoted. * = introduced; e = contemporary occurrence in study area; E = Extinct; Es = extinct in study area; T = could be caught in our traps; Q = recorded on quad rats during our survey; m = occurs only on margin of our study area (compass direction in brackets) 
AMPHIBIANS

Cereartetlls concinnlls
Tarsipedidae Tostratlls Bos taUrllS * C Capra hircus * C Ovis aries * C tested using Mann-Whitney U tests. At each fusion point in the dendrogram's partition structure, starting from the top (two groups), we compared the two newly formed groups, provided each group had at least five members. For example, at the second fusion point there are three groups, but only one of the initial groups is divided so the resultant two 'new' groups were compared. Species-groups identified from the species classification were interpreted in terms of the known habitat preferences of their component species throughout their ranges elsewhere in Australia (e.g. How et al., 1988; Storr et ai., 1990; Ehmann, 1992; McKenzie et ai., 1993; McKenzie et ai., 2000a) and our previous field experience in other parts of Western Australia. The use of such extrinsic information on habitat preferences and distribution provides an indication of whether the classification is biologically meaningful. To aid interpretation of the species classification analyses we averaged the values of each physical parameter across all the quadrats where a given species was recorded, for each species.
Two frogs, Crinia pseudinsignifera and C. subinsignifera, could not be reliably differentiated morphologically. So, for the purposes of analysis, they were treated as one species and labelled C. pseudinsignifera.
RESULTS
Intensity of sampling and comparison with the historical record
During the survey we recorded a total of 144 vertebrate species belonging to 74 genera and 15 families and obtained a total of 9299 vertebrate animal by quadrat records (an average of 36.9 per quadrat) ( Table 2 ). For the 252 quadrats sampled, anurans were recorded on 214 quadrats, mammals on 238 quadrats and reptiles on 250 quadrats. From 1 to 19 vertebrate species were recorded per quadrat, with an average of 10.4 (s.d. = 3.5). An additional two species (the skink Egernia stokesii at one quadrat and the snake Pseudonaja nuchalis at two quadrats) were caught at quadrats where secondary salinisation had commenced.
We recorded 22 (92%) of the 24 anuran species known from the study area (Table 2 ). The exceptions were Metacrinia nichollsi and Cyclorana platycephala. From within the study area M. nichollsi is known only from a disjunct population in the Stirling Range. Cyclorana platycephala is an arid zone frog with a geographic range that extends only slightly into the north-east part of the study area; it is an explosive breeder requiring high rainfall events for activity that will generally occur over summer outside our sampling periods (Tyler, Smith and Johnstone, 2000) .
We recorded 106 (75%) of the 142 reptile species known from the study area (Table 2) . Some reptile species were not readily caught in our pit traps. They included the turtle Chelodina oblonga, the 33 snake species known from the area, the three largest skinks (Tiliqua rugosa, T. occipitalis, and Egenzia kingii) and the four largest of the six Varanus species known from the area. Individuals of some of these species were occasionally recorded on our quadrats but were rarely, if ever, caught in the pit traps due to their size and/or ability to escape the pits. Similarly, Smith et al. (1997) , working in the centre of our study area, found that legless lizards, monitors, blind snakes and snakes were rarely caught in pit traps. Species that were not readily caught were therefore under-sampled, occurred non-systematically in the data set and contributed little to estimation of similarity between sites or interpretation of pattern in the data, and so were excluded from further analyses. We judged that 101 reptile species were reliably 'pit trappable' and of these, we recorded 86 (85%) and it is these that formed the basis of the following analyses.
There were 15 reptile species that we considered 'trappable', but which we did not catch. These included two dragons (Ctenophorus reticulatus and Lophognathus longirostris), one gecko (Nephrurus vertebra lis), six pygopods and six skinks. These species were either very rare in the study area, confined to narrow environmental envelopes that we did not sample, present only at the margins of the study area (e.g. Lerista yuna), unlikely to be caught because they were only active under certain weather conditions, or perhaps capable of escaping from our traps.
We caught 15 (88%) of the 17 'pit-trappable' native mammal species extant in the study area (McKenzie et aI., 2002;  Table 2 ), although capture of one of these species (Rattus juscipes) was based on sub-adult individuals. One additional species, the introduced rodent Mus domesticus, was also trapped. The original mammal fauna comprised 64 species, including 11 bats, and an additional 11 introduced species are known (Table 2) . However, 17 native taxa (27%) are now considered extinct in the study area and 41 species were too large to be trapped in our pits. Three of the species that are extinct in the study area (all rodents) would have been 'trappable' as adults using our techniques. Of these, Pseudomys nanus is extinct, while P. fieldi and Rattus tumleyi are regionally extinct but still occur outside our study area.
Of the four extant native species of appropriate size that we did not trap, Ningaui yvonneae barely penetrates the eastern margin of our study area and Parantechinus apicalis, while once more widespread, now occurs only near the southern margin of the survey area. Two of the hopping mice (Notomys alexis and N. mitchellii) are of a size that make them 117 susceptible to being caught in our traps, but observations on captive individuals show that they easily escape. Furthermore, N. alexis only occurs on sandy substrates in the northern extremity of our study area.
Once the species that were ineffectively sampled by our trapping regime (see above) were removed from the data set, this left a total of 122 vertebrate species from the 252 quad rats: 21 anurans, 85 reptiles and 16 mammals (15 native and one introduced) ( Table 2 ). The number of species per quadrat still ranged from 1 to 19, but the average dropped slightly to 9.9 (s.d = 3.4).
Patterns in vertebrate species richness
The most widespread species, Mus domesticus, was found at 164 (65%) of the 252 quadrats. Other frequently encountered species were the reptiles Lerista distinguenda (130) , Menetia greyii (123) , Morethia obscura (116) and Cryptoblepharus plagiocephalus (89) and the frog Pseudophryne guentheri (90) . No native mammal occurred at more than 72 quadrats. Ten species, including four frogs, three reptiles and three mammals (including Mus), were found on each of the 12 landforms we recognised.
Vertebrate species richness per quadrat varied significantly between landforms (Figures 2 and 3 ). 'Natural' saltflats (landform unit 2) showed significantly lower species richness than any other landform (4.4 vertebrate species per quadrat). Vertebrate species richness was highest on dissection valley floors (unit 3; 11.4 species per quadrat) and sandy depositional surfaces on the old plateau (units 9-11; 11.3 -11.5 species per quadrat).
Taken separately, overall patterns of species richness for frogs, reptiles and mammals across landforms were each generally similar to that for all vertebrates. To simplify this comparison, we combined the dissection valley quadrats (land forms 3-7, excluding the swamps of land form 1 and saltflats of landform 2), and also combined the quadrats of the 'old plateau' (landform units 8-12) (Figure 3b-h ). Frog richness was significantly higher in freshwater swamps (Figure 3c ), than in other land form types, and there was a higher species richness of frogs than reptiles or mammals at these sites (Figure 3d-h) . Within the frogs, the subfamily Myobatrachinae showed a similar pattern to the subfamily Limnodynastinae. Richness of reptiles and mammals was generally lower in swamps than in dissection valley quadrats or 'old plateau' quadrats (Figure 3d-h) .
Within the reptiles, patterns were similar for skinks, geckos and dragons except that, while for skinks species richness was similar across dissection valley and plateau sites, gecko richness was significantly higher, and dragon richness significantly lower, on dissection valley quadrats, 
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where the best developed woodlands occur ( Figure   3L '-g).
Mammals were different in that natural saltflats (unit 2) were as rich in species as most other units.
An analysis of the level of correlation between species richness and the values of each physical attribute showed that total vertebrate species richness was negatively correlated with salt and soil nutrients, and positively correlated with sand and soil drainage (Table 3) . Taken separately, there were some differences between anurans, reptiles and mammals. Anuran species richness was 119 significantly, positively correlated with deep sands and negatively correlated with soil nutrients and salinity. Rainfall was also significant, but with lower (positive) correlation coefficients. Rainfall attributes showed the highest positive correlation values in relation to species richness of frogs in the subfamily Myobatrachinae, but not for the Limnodynastinae, for which no climatic attributes were significant. Total reptile species richness was positively correlated with drainage, and negatively with salinity and soil nutrients. There were some differences between skinks, geckos and dragons. South-ea5tern and I 50uth-TJestern Skinks and geckos both showed significant positive correlations with the presence of a tree canopy, whereas dragons showed a negative correlation. Skinks showed negative correlations with temperature attributes and positive correlations with rainfall attributes, whereas geckos and dragons showed positive correlations with temperature attributes and negative correlations with rainfall attributes. Mammal species richness was negatively correlated with habitat complexity scores and soil nutrient levels, and positively correlated with sand.
Compositional variation among sample sites In this analysis, the 252 quadrats that had no overt signs of secondary salinity were classified on the basis of vertebrate species presence/absence, i.e. classified in terms of their species composition. Seven major quadrat groups (I-VII; Figure 4 ) could be recognised, and further structuring in the dendrogram was evident below this point. At the seven group level, the quadrat groups could be distinguished on the basis of maximum temperature of the warmest period, and salinity ( Figure 5 ).
The final fusion in the dendrogram (point 2 in Figure 4 ) was between Groups I to IV (105 quadrats primarily from the semi-arid inland northern and north-eastern parts of the study area) and Groups V to VII (147 quadrats from the mesic southern and south-western parts of the study area) (Figure 6 ), associated with a northern and southern fauna respectively. Species with high levels of fidelity with the northern group included Lerista muelleri, Ctenotus mimetes, Gehyra variegata and Sminthopsis dolichura, and with the southern group, L. distinguenda, Morethia obscura and Cercartetus concinnus (Figure 10 ). Physical attributes that showed significant differences between these two groups were primarily climatic (Table 4) , with maximum temperature of the warmest period (Figure 7) having the highest significance.
The last fusion within the northern group (point 3 in Figure 4 ) was between 16 quadrats with comparatively high salt levels (Groups III and IV) and 89 quad rats with lower salt levels (Groups I and II) ( Table 4) . Most of the 16 quadrats with high salt levels were in the inland parts of the study area, and 13 of them were on 'natural' saltflats. Ctenophorus salinarum and Sminthopsis crassicaudata were encountered at most of these saline quadrats, but many species, e.g. Gehyra variegata and Sminthopsis dolichura, were absent (Figure 10) . Two of the quad rats in this set (MU1 and WHI0) were not saline, but were very hard surfaces, and speciespoor. Within the set of quadrats with lower salt levels, the last fusion was between 32 quadrats (Group I) having relatively high rainfall and low nutrient levels, with 57 quadrats (Group II) having low rainfall and higher nutrient levels. Group I quad rats were predominantly on sands, with or without laterite present in the soil profile, with .M e a n a n d9 5%c o n f i d e n c el im I t s a r es h ow n ;m e a n s a r el a b e l l e d I N i t ht h en um b e ro fq u a d r a t si nt h a tp a r t i t i o n .R e s u l t s o fK r u s k a l l -W a l l i s t e s t sa r ea sf o l l ow s :M x T _W P H ; 1 5 8 . 6 ,P <O .OOOO l ;1 0 g E CH 4 9 . 3 ,P <O .OOOO l .O t h e rs i g n i f i c a n tv a r i a b l e sa r ea l s ol i s t e d i n T a b l e4 .
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rather than from the whole landscape. It is interesting to note that, in the present study, frogs were found in many parts of the landscape, not just in wetlands. Nevertheless, the high concentrations of individual frogs at freshwater wetland sites, which tend to be low in the landscape and hence susceptible to secondary salinisation, is of some concern in conservation management. The high significance levels associated with soil sandiness is likely to be a reflection of the high proportion of frog species that burrow. The land surface in south-western Australia is predominantly sandy or sandy loam (McArthur, 1993 ) and the region is particularly rich in burrowing frogs with 62% of the anuran fauna being burrowers (Tyler et al., 2000) . Similar studies to ours appear not to have been done in temperate areas. However, this pattern of increasing species richness in relation to sands rather than rainfall is in contrast to the margin of the tropical savannas, where frog species richness increases with rainfall and is higher on clay than sandy quadrats, presumably because the clay quadrats have higher water availability (Woinarski et al., 1999) , and/or because of the lower proportion of burrowers.
Reptile species richness was correlated with high temperatures, at high, well-drained positions in the landscape. Again, this is in contrast to the tropical savannas, where species richness is correlated primarily with rainfall (Woinarski et al., 1999) . However, in temperate areas, ectothermic animals the size of most reptiles are likely to be more abundant at sites with higher annual amounts of sunshine, which occur at lower latitudes and/or high in the landscape. Mammal species richness was highest at quadrats with low habitat complexity scores and low nutrient levels, low winter rainfall and low winter temperatures, and high levels of sand. Reasons for this pattern are not clear.
Our results differ to some degree from those of studies where sampling is at a much coarser scale. For example, Pianka and Schall (1981) , sampling in 240 x 240 km grid squares and, with a reduced set of environmental attributes, found that, in Australia generally, the most important variable associated with frog species richness was annual precipitation, and for lizards and marsupials was annual hours of sunshine. Examination of the maps presented by Pianka and Schall (1981) suggests that these relationships would also hold for south-western Australia, except for marsupials. Similarly, from broad scale sampling, the species richness of agamid lizards (dragons) (Witten, 1982) and varanids (King and Green, 1993) increases along a gradient from south-western Australia into the arid zone, showing a negative correlation with rainfall. In our data set, species richness of dragons and geckos was positively correlated with temperature A. H. Burbidge, J. K. Rolfe, N. L. McKenzie, J. D. Roberts variables and negatively with rainfalL while skinks showed the opposite trend. Nevertheless, the scale and extent of sampling, as well as the nature of the variables measured, influence the conclusions that are drawn, and the uses to which the data can be put. For example, if we had extended the sampling of skinks further into the high rainfall areas of the south-west, it is likely that a more complex pattern would have emerged, including a declining species richness in some skink genera (e.g. Ctenotlls). Our results are most appropriate for predicting likely species richness at a quadrat scale across the wheatbelt study area, and are therefore appropriate at a management scale, but may not hold at a coarser scale, or in the adjacent high rainfall zone to the south-west.
Patterns of species composition
These analyses revealed the presence of two distinct faunas in the Western Australian wheatbelt -one in the northern and north-western part of the study area, the other in the south and south-east. This division is associated with differences in climatic (temperature and rainfall) variables. Although we have not reported the details here, this is also the case when secondary saline quadrats are included in the analysis. Within each of these faunas, major divisions are associated with substrate type and vegetation attributes as well as climatic attributes. The second last fusion point in the dendrogram was between a set of sites with low salinity and another set, mostly from inland areas, that had high salinity. This suggests that salinity has been an important factor influencing biogeographic patterns, pre-dating European impacts on these systems. This is not surprising given that some of the saltflats in the study area date from about the Miocene (Salama, 1994) . In addition to the age factor, it is likely that there have been multiple periods of salinisation in response to previous fluctuations in climate (Harper and Gilkes, 2004) . Salinisation therefore may have had long standing effects not only on biogeographic patterns, but also on the nature of the biota in the Western Australian wheatbelt.
At the scale of the study area, rainfall and temperature attributes were highly significant in comparisons between dendrogram partition groups resulting from the classification analysis of quadrats or species. Substrate attributes were important at a local scale, but examination of the physical attributes showing significance at higher levels in the dendrograms ( Figure 4 , Table 4; Figure 8 , Table  5 ) showed that some substrate attributes were also important at a relatively broad scale. Other features of the environment, not measured by us, may also be associated with the patterns we discerned. For example, the western zone of our study area has a rejuvenated drainage system that flows westwards, while the eastern zone's ancient drainage system comprises chains of salt lakes and follows Tertiary paleodrainage lines that are orientated northwards and/or eastwards (e.g. Beard, 2000) . Such features of the landscape might also have significant biogeographical significance, but more detailed sampling would be needed to test such hypotheses.
Correlations between climatic and substrate variables could be discerned at low levels in the classification analysis, suggesting strong deterministic patterns in vertebrate species composition across the study area. This suggests that population and community processes operate across a broad scale, similar to the situation in some bird communities (Bennett et a!., 2004) . However, at finer scales, relationships with substrate are harder to characterise. This was also noted for vegetation in our study area by Dirnbock et a!. (2002) who demonstrated that vegetation distribution showed significant responses to rainfall and subsequent topographically mediated water re-distribution, but these variables were insufficient to explain vegetation distribution effectively at the local scale.
Consideration of mammals, reptiles or anurans separately would be expected to reveal differences in patterning between these three groups (McKenzie et al., 2000b) . However, for both quadrat and species classifications, interpretation was more difficult when mammals, reptiles or anurans were considered separately, and these analyses have not been reported here. The lack of clarity in these classifications could be because the number of species per quadrat for each of these groups was too low to allow meaningful patterning to be discerned, or because guild boundaries do not necessarily conform to taxonomic boundaries (Adams, 1985) and consideration of mammals, reptiles or frogs on their own provides an inadequate sample of the guilds occupied by these species. For frogs, there were only 2.7 species per quadrat. For mammals, there were only 16 species in the analysis, and an average of only 1.9 species per quadrat (or 1.3 ignoring the introduced M1Is). The absence from the data set of those mammals (15% of the 'trappable' species) that are regionally extinct might also complicate interpretation of this subset. In addition, the introduced Mus was the dominant mammal in terms of the number of quadrats at which it occurred (164), and this might also complicate interpretation. Patterns shown by reptiles on their own were more similar to the combined vertebrate data set, presumably because reptiles constituted 70'10 of the species in the combined analysis. Cross taxon congruence is discussed further in McKenzie et a!. (this volume) .
Our interpretation of broad scale biogeographic patterns is broadly consistent with that of Kitchener et a!. (1980a) who identified five groups of reptiles in the wheatbelt on the basis of common features in 131 their geographic ranges. They identified two major groups, a widespread one and an inland one, plus three smaller groups with west coast, south-west coast or south-western distributions. Similarly, Storr (1964) and Chapman and Dell (1985) , using knowledge of the geographic ranges of the component species of the wheatbelt herpetofauna, identified an arid zone element and a smaller mesotemperate element. With the benefit of finer scale sampling at many more sites, we have been able to confirm these general patterns, but show that there is a considerable degree of patterning within each of the two major groups. Earlier interpretations have been based on current distributional range and historical biogeographical analyses. The present study indicates that much of the patterning that can be discerned is related to physical attributes of the study area.
FaunaI change in the wheatbeIt
By selecting sites that were almost all on Crown reserves, with as little evidence of disturbance as possible, we attempted to discern assemblage patterns that may have been in place at the time of European colonisation. However, it is well known that many changes have occurred since that time. At the regional scale, there have been significant changes in the mammal fauna (Table 2; McKenzie et a!', 2002) -there are 11 introduced species in the study area and 17 species of the pre-European total of 64 species are now extinct. While the losses are well known, the exact reasons for the onset of the observed declines are less clear (Kitchener et al., 1980b; Burbidge and McKenzie, 1989) . Given that so many mammals have been lost from the wheatbelt as a whole, it is likely that there have been many local mammal extinctions, and such losses must have had an impact on our analyses. It is unclear what this impact may have been, but assuming that such losses have been relatively uniform or random across the study area, the impact on our conclusions has probably not been very great. Birds of the wheatbelt have also suffered to some degree - Saunders (1989) found that two out of 148 species of landbirds were regionally extinct, while varying numbers have become extinct at the level of district or remnant. In addition, there are at least seven introduced bird species in the Avon Wheatbelt bioregion alone (Barrett et a!., 2003) . On the other hand, there are no introduced frogs or reptiles in the area, and none of the original 24 frogs or 142 reptiles is extinct, suggesting that these faunas may be intact, at least at a regional scale, although it is likely that declines and some local extinctions have occurred in a variety of reptile groups including snakes (e.g. Aspidites ramsayi) and skinks (e.g. Egernia stokesii).
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In the face of the above known and suspected changes, it is relevant to ask whether changes in the vertebrate fauna caused through salinisation can be reversed. Views on whether salinisation can be reversed are generally pessimistic (see liatton and Nulsen, 1999) although Harper and Gilkes (2004) suggest that salinisation is reversible, albeit over millennia. It remains to be seen whether the process of desalinisation can be accelerated with new agricultural systems that use more water. The issue for conservation is that the rapid process of salinisation in a fragmented landscape is not likely to allow the current flora and fauna to adapt or migrate. Although the biota appears to have evolved in relation to cvcles of salinisation and subsequent recovery of the valley floors through geological time (Harper and Gilkes, 2004) , it is unlikely to be able to withstand current processes unless they are reversed more rapidly than currently seems feasible. 133 
Conclusions
There are two major vertebrate faunas in the wheatbelt: a northern fauna concentrated in the semi-arid northern and inland parts of the study area, and a southern/south-eastern fauna concentrated in the more mesic south and southeast. There are a number of recognisable groups within this overall dichotomy, including a small set of species centred on saline sites. These species clusters showed patterns consistent with the physical and climatic attributes of the quadrats where they occurred. Effects of salinity are superimposed on broad-scale patterning that is related to climate and, at a finer scale, to substrate. Salinisation appears to have had long standing effects on biogeographic patterns in the Western Australian wheatbelt. Relationships between species composition and climate and substrate could be discerned at low levels in the classification, suggesting strong deterministic relationships across the study area. Overall species richness was related to substrate, but when mammals, reptiles and frogs were considered separately, climatic attributes also emerged as being significant.
Results of this study have several implications for conservation management. For example, when it comes to management decisions at a local scale, it is important to consider management of each site, location or reserve in its biogeographic context. At the species level, our conclusions are consistent with those of McKenzie et af. (2003) , who concluded that a few species are restricted to saline sites, but a diverse array of species occu pIes non-saline sites. Those species preferring valley floors and lower slopes will be disadvantaged by extensive salinisation in fragmented habitat, and these species may require particular attention in relation to reserve acquisition and management. Results of the present study suggest that some species may also be negatively impacted on during MlIs invasions, perhaps to the extent that small reserves cannot provide them with an adequate level of protection. A further interesting finding was that frogs were found throughout the landscape, not just in wetlands, suggesting that connectivity between remnants may be more important for these species than previously recognised. These considerations lead us to agree with Ceorge ct {If. (1995) that integrated management programs over entire catchments will be necessarv in order to maintain agricultural productivity as well as conservation values. Nevertheless, there is doubt that the impacts of salinisation and fragmentation can be mitigated quickly enough to allow the small, ground-dwelling vertebrate fauna to withstand the effects of these processes in the Western Australian wheatbelt.
